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Background & Aims: This study was performed to compare the effects of open and closed chain terminal 
knee extension exercises on onset latency of vastus medialis obliques (VMO) and vastus lateralis (VL), pain 
and function in subjects diagnosed with patellofemoral pain syndrome (PFPS). 
Methods: In a pretest and posttest 5-week intervention study, 26 subjects diagnosed with PFPS and 13 
healthy subjects were studied. Subjects diagnosed with PFPS were divided into two groups. One group 
(n=13) participated in a 5-week rehabilitation program consisted of open chain terminal knee extension 
exercise and the other group’s program (n=13) consisted closed chain terminal knee extension exercise. 
Electromyographic onsets of VMO and VL collected during step up and step down tasks performed during 
the pretest and posttest. A Visual analog scale (VAS) and Lysholm questionnaire were administered at 
pretest and posttest. Analysis of variance was used to compare the three groups. T-test and paired t-test were 
also used for statistical analysis. 
Results: VMO and VL onsets timing in PFPS groups were significantly more than those in the control group 
at the base line  (P<0.05). VMO and VL onset timing differences (VL electromyographic onset minus VMO 
electromyographic onset) significantly decreased and VAS and Lysholm scores significantly improved for 
subjects diagnosed with PFPS after intervention (P<0.05). There was no significant difference between the 
outcomes of two intervention programs in patients with PFPS. 
Conclusion: Subjects diagnosed with PFPS responded favorably and quickly to therapeutic exercises 
program that incorporated open and closed chain exercises  
Keywords: Patellofemoral pain syndrome, Latency, Quadriceps muscle, Exercise 
 




  !"# 
 !$
References 
1. Skolk S, Snyder – Mackler L. Physical 
therapy in sport and exercise: Patello femoral 
joint. New York, Churchill Livingstone, 
2003; PP 399-419. 
2. Green S.T. Patellofemoral syndrome. Journal 
of Bodywork and Movement Therapies 2005; 
9: 16-26 
3. Coqueiro KRR, Bevilaqua- Grossi D, Berzin 
F, Soares AB, Candolo C, Monteiro- Pedro 
V. Analysis on the activation of the VMO and 
VLL muscles during semi squat exercises 
with and without hip adduction in individuals 
with patellofemoral pain syndrome. J 
Electromyogr Kinesiol 2005; 15(6): 596-603 
4. Boling MC, Bolgla LA, Mattacola CG, Uhl 
TL, Hosey RG. Outcomes of a weight-
bearing rehabilitation program for patients 
diagnosed with patellofemoral pain 
syndrome. Arch Phys Med Rehabil 2006; 
87(11): 1428-35 
5. Owings TM, Grabiner MD. Motor control of 
the Vastus medialis oblique and Vastus 
latralis muscles is disrupted during eccentric 
contractions in subjects with patellofemoral 
pain. Am J Sports Med 2002; 30 (4): 483-7. 
6. Earl JE, Schmitez RJ, Arnold BL. Activation 
of the VMO and VL during dynamic mini-
squat exercises with and without isometric 
hip adduction. J Electromyogra Kinesiol 
2001; 11(6): 381-6.
7. Cowan SM, hodges PW, Bennell KM. 
Anticipatory activity of vastus Lateralis and 
vastus medialis obliquus simultaneously in 
voluntary heel and toe raises. Physical 
Therapy in Sport 2001; 2(2):71-9.
8. Cowan SM, Bennell KL, Hodges PW. The 
test- retest reliability of the onset of concentric 
and eccentric vastus medialis obliques and 
vastus Lateralis electromyographic activity in 
a stair stepping task. Phys Ther Sport 2000; 1: 
122-36 
9. Cowan SM, Bennell KL, Hodges PW, 
Crossley KM, McConnell J. Delayed onset of 
electromiographic activity of vastus medial is 
obliquus relative to vastus Lateralis in 
subjects with patellofemoral pain syndrome. 
Arc Phys Med Rehabil 2001; 82 (2) : 183-9
10. Griffin LY. Rehabilition of the injured knee. 
Patellofemoral joint injuries. 2
nd
 ed., St. 
Louis, Mosby, 1995; PP 121 -30. 
11. Souza Th. Patellofemoral pain: open vs. 
closed chain exercises. Dynamic Chiropractic 
2000; 18 (26): 1122-31.
12. Bakhtiari AH, Fatemi E. Open versus closed 
kinetic chain exercises for patellar 
chondromalacia. Br J Sports Med 2008; 42: 
99-102. 
13. Cabral CM, de Oliveria, Melim AM, de 
Cmargo Neves Sacco I, Marques AP. Effect 
of a closed kinetic chain exercise protocol on 
patellofemoral syndrome rehabilitation. 
Presented In: 25
th
 International Symposium 
on biomechanics in sports (2007); August 23-
27, 2007; Ouro Preto, Brazil. ISBS- 
Conference Proceedings archive 2007; P688-
91. 
14. Syme G, Rowe P, martin D, Daly G. 
Disability in patients with chronic 
patellofemoral pain syndrome: A randomized 
controlled trial of VMO Selective training 
versus general quadriceps strengthening. Man 
Ther 2009; 14(3): 252-63. 
15. Cowan SM, Hodges PW, Bennell KL, 
crossley KM. Altered vastii recruitment when 
people with patellofemoral pain syndrome 
complete a postural task. Arc Phys Med 





16. Manasnayakorn S, Cuschieri A, Hanna GB. 
Ideal Manipulation angle and instrument 
length in hand –assisted Laparoscopic 
surgery. Surgical Endoscopy 2008; 22(4): 
924-9. 
17. Hodson- tole E. Effects of treadmill 
inclination and speed on forelimb muscle 
activity kinematics in the horse. Equine and 
Comparative Exercise Physiology 2006; 3: 
61-72. 
18. Selfe J, Richards J, Thewlis D, Kilmurraj S. 
The biomechanics of step descent under 
different treatment modalities used in 
patellofemoral pain. Gait& Posture 2007. 
19. Witurouw E, Danneels L, Tiggelen DV, 
willems TM, Cambier D. Open versus closed 
kinetic chain exercises in patellofemoral pain. 
Am J Sports Med 2004; 32(5): 1122-30. 
20. Prentice WE. Rehabilitation techniques for 
sports medicine and athletic training. 4
th
 ed., 
Mc Grow Hill, 2004; pp: 243-59. 

